Remote organ injury represents the oxidative damage, which occurs in various organs away from the tissues exposed to ischemia-reperfusion insult. Hypothesizing that the eye may be susceptible to this type of tissue damage, we investigated the effect of splanchnic ischemia-reperfusion on the chorio-retinal tissue in Sprague-Dawley rats. Four groups, each consisting of 10 male rats, were designed for the study. Ischemia-reperfusion was introduced by clamping superior mesenteric artery for 1 hour, followed by reperfusion for 90 min (IR group). In another group, the same operation was performed except that zinc aspartate (50 mg/kg) was given intra-peritoneally 15 min before the opening of the clamp (Zn-IR group). As control (sham group), the abdomen was opened without any intervention on superior mesenteric artery. The other group was given Zn after opening of abdomen without any intervention on superior mesenteric artery (Zn-sham group). After the choroid and the retina were dissected from the eye, malondialdehyde, superoxide dismutase, catalase and nitric oxide (NO) were measured in the collected eye tissues. We found that the levels of malondialdehyde, an indicator for lipid peroxidation, were higher in the chorio-retinal tissue of IR group compared to Zn-IR, Zn-sham or sham group (p < 0.05). The oxidative stress in Zn-IR group was not higher than that of sham group. Treatment with zinc decreased NO levels but had no noticeable effect on the level of antioxidant enzymes. Our study indicates that remote organ injury is induced in the eye during splanchnic ischemia-reperfusion and that zinc may be beneficial to ameliorate remote ocular injury.
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The ischemia-reperfusion (IR) injury is seen when the anoxic organ is reperfused by blood supply. IR creates large amount of free oxygen radicals released into the blood circulation and results in generalized inflammatory response and systemic damage (Waisman et al. 2003) . Especially reperfusion period generates toxic oxygen radicals which have deleterious effect on cellular membranes (Cetinus et al. 2005) .
Remote organ injury represents the oxidative stress occurred in various tissues away from the organs exposed to IR insult. It may take place in the organs where vascular network is well-developed (Guler et al. 2004 ). Several approaches have been suggested to ameliorate both local and distant organ oxidation in IR injury and some antioxidant agents, such as zinc, have been successfully used in experimental animal models (Sakaguchi et al. 2002; Calikoglu et al. 2003; Ozkan et al. 2004) . To the best of our knowledge, there have been no reports about the biochemical oxidative changes occurring in the eye associated with intestinal IR. Since the chorio-retinal complex (choroid and retina) has a well developed vascular system, it may be a target for remote organ damage and some preventive approaches may be of benefit. In this study, we investigated the effect of zinc supplementation on remote ocular injury after splanchnic IR.
MATERIALS AND METHODS

This study was conducted in Animal Research
Laboratory of Medical School of Kahramanmaras Sutcuimam University, after the approval from the institutional ethics committee for animal research was obtained. Forty male Sprague-Dawley rats (weight 250 -300 g) were divided into 4 groups each containing 10 rats. Surgery was conducted under general anesthesia with intra-peritoneal ketamine (50 mg/kg) and xalazine (3 mg/kg). Subcutaneous isotonic saline of 7 cc was given behind the neck to all rats at the beginning of experiment. In one group, the abdomen was opened and superior mesenteric artery (SMA) was found and clamped for 60 min, and then the clamp was released and reperfusion of the splanchnic region was maintained for 90 min (IR group). In another group, the same operation was done but zinc aspartate (50 mg/kg) was given intra-peritoneally 15 min before the opening of the clamp (Zn-IR group). The rest of the operation was the same. In control group, only abdomen was opened and SMA was found without clamping and intra-peritoneal saline was given at the 45th minute after start of experiment (sham group). Another control group took only Zn 45 minutes after opening of the abdomen without any intervention on SMA (Zn-sham group). Intra-peritoneal saline was given at the 45th minute in IR group also. At the end of experiment, all animals were sacrificed with intra-cardiac blood withdrawal. The eyes were enucleated and the retina and choroid were dissected. The chorio-retinal specimens were taken in fifteen minutes and kept at -20°C until biochemical analyses were done.
The right and left eyes were homogenized separately in phosphate buffer and superoxide dismutase (SOD), catalase (CAT), malondialdehyde (MDA), and nitric oxide (NO) were measured in specimens. MDA detection was based on the measurement of the absorbance of thiobarbituric acid-malondialdehyde (Ohkawa et al. 1979) . CAT activity was spectrophotometrically measured by the disappearance of H 2 O 2 at 230 nm (Beutler 1975) . NO was measured with Griess method by the detection of nitrite levels (Cortas and Wakid 1990) . SOD activity was determined as described by Fridovich (1974) . This method employs xanthine and xanthine oxidase to generate superoxide radicals, which react with 2-(4-iodophenyl)-3-(4-nitro phenol-s-phenyl tetrazolium chloride) to form a red formazan dye. SOD activity is then measured by the degree of inhibition of this reaction. Protein was measured according to Lowry et al. (1951) . For statistical analyses, Kruskal Wallis analysis of variance, Wilcoxon signed rank test and Fisher's exact chi square test were used as appropriate. A probability level of less than 0.05 was chosen as a threshold for statistical significance (p < 0.05). All data were shown as mean ± S.D.
RESULTS
There was no difference between the groups with regard to operation duration and the amount of the anesthetic drugs used. The right and left eyes showed no noticeable difference with regard to the investigated parameters, and twenty eyes in each group were studied. IR group had almost three times more oxidative stress than IR-Zn group had. MDA level was 86.94 ± 13.87 nmol/ mg protein and 31.17 ± 7.11 nmol/mg protein in IR and Zn-IR groups, respectively (p < 0.05) ( Table 1 ). The MDA level was similar between sham and Zn-IR groups (p < 0.05). The NO level was lowered in the groups treated with Zn (p < 0.05); it was 0.03 ± 0.01 μmol/mg protein and 1.07 ± 0.35 μ mol/mg protein in Zn-IR and IR groups, respectively (Table 1) . There was no difference in the NO level between IR and sham group (p > 0.05).
Antioxidant enzymes, catalase and superoxide dismutase, were decreased in IR and Zn-IR group compared to sham group (Table 2) . With regard to these enzyme activities, there was no difference between IR and Zn-IR groups (p > 0.05). There was no difference between two sham groups in which the enzyme levels were high (p > 0.05).
DISCUSSION
Ischemia-reperfusion injury is caused by the increased oxygen supply after a period of ischemia, leading to excess formation of hydroxyl and lipid radicals (Calikoglu et al. 2003; Waisman et al. 2003) . Multiple organ damage after ischemia reperfusion injury has been called as remote organ injury (Nielsen et al. 1997; Guler et al. 2004; Okutan et al. 2004) .
Splanchnic ischemia may be caused by several mechanisms, such as emboli or thrombosis of SMA, or when mesenteric clamps were put during bowel surgery, and the resultant cellular hypoxia activates a variety of vascular and inflammatory mediator systems. Although the reinstitution of blood flow to ischemic tissues is critical to their salvage, the reperfusion of ischemic organs may paradoxically increase the tissue damage induced by the ischemia (Waisman et al. 2003) , causing local and systemic destruction. Remote organs with intense micro-capillary systems such as lung and kidney are prone to develop this type of systemic injury (Calikoglu et al. 2003; Guler et al. 2004) .
We showed intestinal ischemia reperfusion induced biochemical oxidative stress in the chorio-retinal part of the eye, as indicated by high MDA levels. The ischemic activation of leukocytes is mostly accepted mechanism to explain the basis of this distant injury (Paterson et al. 1989; Calikoglu et al. 2003; Okutan et al. 2004 ). Leukocytes exposed to ischemic tissue may reenter the systemic circulation in an activated state upon reperfusion and have been implicated as mediators of remote organ injury. After adhering to endothelium, leukocytes transmigrate across endothelial surfaces into the tissues and exert their toxic effects through the release of proteolytic enzymes and free radicals, resulting in micro-vascular dysfunction and local inflammatory response (Waisman et al. 2003) . MDA is, in particular, produced by lipid peroxidation and serves as an index of biochemical oxidative damage in the tissue (Gul et al. 2005) . It can reliably be used to investigate the degree of tissue damage. We found that Zn-IR and sham groups had equal MDA levels, whereas IR group had the highest biochemical oxidative stress. The lipid peroxidation in IR group is almost twice that of sham group and higher than that of Zn-IR group, implying the chorio-retinal tissue is injured after IR attack of intestines. We confirmed the beneficial action of Zn against oxidative changes. Studies in cell culture and animal models have shown that zinc serves as an antioxidant, possibly arising from two mechanisms. First, it spares redox-active metals, and second, it can induce antioxidant protein metallothionein which can scavenge hydroxyl radicals (Tate et al. 1999; Prasad et al. 2004) . Some investigators called attention that zinc may exert tissue protective effects independent from its anti-oxidative properties, which may arise from DNA binding capability or the inhibition of calcium influx (Waring et al. 1990 ).
In our study zinc had an inhibitory effect on NO synthesis, which is suggested as one of its anti-oxidative mechanisms (Prasad et al. 2004) . It is reported that increased tissue damage and nitric oxide are associated with the decreased levels of Zn and SOD activity (Rajesh et al. 2003) . Zinc interacts with cytokines to inhibit nitric oxide production and lowers oxidative stress byproducts (Prasad et al. 2004) . Free radicals may create peroxynitrite when NO is found in the medium and exacerbate oxidative damage in addition to direct actions of oxygen radicals (Asahi et al. 1995) . We confirmed that Zn decreased NO profoundly, which may be related to our finding of low MDA in Zn-IR group, although some mechanisms other than NO pathway may work. Several authors, on the contrary, claim that NO may have some tissue protective and anti-inflammatory aspects (Miralles et al. 2000; Waisman et al. 2003) . When peroxynitrite is formed, NO works as an oxidizing agent.
As a consequence of ongoing intestinal injury, chorio-retinal enzymes were depleted in our experiment, exposing eye to oxidative damage. Although we could not confirm, it has been reported that Zn deficient rats have diminished SOD activity and longevity (Rajesh et al. 2003 ) and increased zinc supplementation is associated with higher SOD activity (Mates et al. 1999) .
We have shown that remote ocular injury may develop following intestinal ischemia reperfusion, which may be ameliorated by Zn supplementation. To our knowledge this is the first study showing the remote oxidative stress in the eye. Another issue to be studied is which part of the eye is the target, choroid or retina. The clinical significance of our study must be confirmed in abdominal surgery patients on the basis of involvement of the chorio-retinal tissue.
